Previous studies, part of a series attempting to uncover a specific site of low dose irradiation injury, showed that X-irradiated y-east cells lost less cell material during a period of starvation, and were able to take up more phosphorus, use more oxygen, and produce more carbon dioxide after starvation than unirradiated cells starved in parallel (Spoerl, Nields, and Plisich, 1V60). Although the precise site of the radiation effect was not apparent, evidently cell mechanisms related to permeability, uptake, and glycolytic capacity were preserved in the irradiated cell during starving. An inhibition of cell division was a concomitant effect of irradiation, though its relation to other responses is still obscure.
Previous studies, part of a series attempting to uncover a specific site of low dose irradiation injury, showed that X-irradiated y-east cells lost less cell material during a period of starvation, and were able to take up more phosphorus, use more oxygen, and produce more carbon dioxide after starvation than unirradiated cells starved in parallel (Spoerl, Nields, and Plisich, 1V60) . Although the precise site of the radiation effect was not apparent, evidently cell mechanisms related to permeability, uptake, and glycolytic capacity were preserved in the irradiated cell during starving. An inhibition of cell division was a concomitant effect of irradiation, though its relation to other responses is still obscure.
The present studies were performed to measure rates of glucose uptake which might be expected, considering the previous 02 and CO2 data, to differ between these cell types, and to examine further the possible selective preservation of glycolytic processes in irradiated cells. CO2 production in the previous studies w-as relatively greater than oxygen use, though rates of both were greater in starved irradiated than in unirradiated cells, as evidenced by-resp)iratory quotient (RQ) values of 3.8 and 3.0, respectively. This difference could result simply from a greater rate of aerobic fermentation in irradiated cells, or it might also involve a shift in the relative participation of the pentose cycle (PC) and Embden-Meyerhof-Parnas (EMP) pathways of dissimilation which operate in y-east (Chen, 1959; Wang et al., 1956 ). Recovery of C0402 from cells fed labeled glucose was used to estimate PC participation in the present experiments. The results obtained implicate a lesser activity of this pathway in glucose dissimilation in starved, irradiated cells.
MATERIAL AND METHODS
Growing cultures of Saccharornyces cerevisiae were X-irradiated for a 2-hr period (Spoerl and Looney, 1958a; Spoerl et al., 1960 (Spoerl and Looney, 1958b) .
RESULTS
The rate of glucose uptake was slower in starved than in immediate cells, and uptake by starved unirradiated cells was slower than by starved irradiated cells (Table 1 ). The approximate times to exhaust glucose from the medium also can be estimated roughly from the shape of the curves for hourly C1402 recovery (as in Fig. 2 Because C1402 recovery from C-6 labeled glucose represents carbon release from the tricarboxylic acid cycle, regardless of the relative participation of the PC or EMP pathways, these values measure the activity of this cycle.
The recoveries from C-6 labeled glucose shown in Table 2 allow the conclusion that this terminal respiration was not reduced by irradiation. The slightly higher percentages for irradiated cells might even suggest that the effect here parallels the previously observed preservation of glycolytic activity. However, the amount of C-1 recovered in C'402 and the reduced early recovery of C-1 from irradiated cells (Fig. 2) , the C-6:C-1 ratio, and the calculation of excess CO2 from C-1 show, for standard starved cells (7 mg glucose, no 2-hr glucose incubation), significant differences be- C4or glucose-6-C'4 (CPM = counts/mmn); 10 ml of a 0.067 M KH2PO4 suspension of starved cells (about 1 mg dry wt/ml) were used in each case, and 10' counts/mmn of radioactivity was supplied in a total of 7 mg of glucose. Points are averages of three or four values. tween irradiated and unirradiated cells; the excess C-i recovery (Table 2) e Incubated in 0.1 M glucose for 2 hr after starvation. Number of hours used for recovery was estimated from C-U recovery curves.
rise (not illustrated) in a form inverse to that of the curves for standard starved cells. These curves are comparable in shape to the curves for immediate cells (Fig. 1) , which are contrasted with typical curves for starved cells.
DISCUSSION
The above C14 data evidence a greater participation of the PC pathway in glucose dissimilation in starved unirradiated cells than in irradiated cells. Greater participation by this pathway will result in lesser CO2 production, as compared to 02 use, providing that the sugar which is supplied is partially dissimilated but not completely oxidized. Such a consequence assumes also that terminal oxidative pathways are quite similar under the two conditions, and that whatever agent is used to change the PC-EMP relation does not distort terminal capacity. Thus, the present results are qualitatively consistent with the previously observed RQ differences and the suggestion that irradiation somehow preserves glycolytic capacity.
The low values calculated for participation by the PC pathway might be used to question the significance of the differences observed. However, these values are best regarded as convenient primarily to show that a difference exists. CO2 recoveries probably are not adequate to describe precisely the partipation of the PC or EMP pathways, although PC participation in the present studies presumably was small and distortion of the data by cycling through this pathway may not have been great. Katz and Wood (1960) discussed the variables that enter into estimates of participation and give them only limited quantitative significance. ApRees and Beevers (1960) and others have also discussed the difficulty of making quantitative estimates from CO2 recovery data. Similarly, though pyruvate decarboxylation, tricarboxylic acid cycle activity, and other values could be calculated using various assumptions (Wang et al., 1956; Chen, 1959) , and if C-5 were assumed to be metabolized like C-2, and C-3 like C-4, the validity of such calculations based on the above data would not be clear-cut.
The present values for excess CO2 from C-1 were calculated as the per cent of C'402 collected (total C1402 being obtained with uniformly labeled sugar). If no C'4 is permanently incorporated into cell material, as Wang et al. (1956) have assumed, then the values for per cent excess CO2 from C-1 (Table 2 ) might be calculated on the basis of total glucose dissimilation and would be about three times greater. The presence of nonviable cells in starved cultures (Spoerl et al., 1960) also might be considered a complicating factor in the present measurements, depending upon their degree of "deadness" or enzymic activity. However, these cells probably could only emphasize or make somewhat less obvious the differences between cell types in PC participation, although the rate of sugar uptake could be affected. Because of the varied cell treatments in these experiments, an additional consideration is that some of the differences shown by the over-all metabolic pattern measured here could be due to transitory cell conditions not necessarily characteristic of a "true" pattern, such as Chen (1959) (Rothstein et al., 1959) . How irradiation might preserve the integrity of the membrane can only be conjectured. An oxidation of sulfhydryl groups and thus a stabilization or preservation of membrane capacities during starvation can be considered. But oxidation of such groups, perhaps to a greater degree, with mercury or methylene blue (Passow and Rothstein, 1960) , has also been suggested as a mechanism for increased membrane permeability.
A change in the membrane as a result of irradiation would need to allow leakage of small ions such as K+, while preserving, at least relative to an unirradiated starved young y-east cell, a greater capacity to take up sugar and phosphate (Spoerl et al., 1960) . The change evidently would interfere with the capacity of the membrane to participate in cell-wall formation (Spoerl and Looney, 1958b) , if this is a normal membrane function (Mitchell, 1959) , and possibly in this way interfere with cell division (Spoerl and Looney, 1958b ); unused energy apparently would be stored in an increased cellular content of inorganic polyphosphate (Spoerl, Looney, and Kazmierezak, 1959 
